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Abstract 
The preparation of CuAl LDH and biochar (BC) composite derived from rice husk and its application as a 
low-cost adsorbent for enhanced adsorptive removal of malachite green has been studied. The composite was 
prepared by a one-step coprecipitation method and characterized by X-ray Diffraction (XRD), Fourier Trans-
form Infra Red (FTIR), Brunauer-Emmett-Teller (BET), and Scanning Electron Microscopy - Energy Disper-
sive X-ray (SEM−EDX). The result indicated that CuAl LDH was successfully incorporated with the biochar 
that evidenced by the broadening of XRD peak at 2θ = 24° and the appearance of a new peak at 1095 cm−1 on 
the FTIR spectra. The BET surface area analysis revealed that CuAl/BC composite exhibited a larger sur-
face area (200.9 m2/g) that the original CuAl LDH (46.2 m2/g). Surface morphological changes also confirmed 
by SEM image, which showed more aggregated particles. The result of the adsorption study indicated the 
composite material was efficient in removing malachite green with Langmuir maximum adsorption capacity 
of CuAl/BC reaching 470.96 mg/g, which is higher than the original CuAl LDH 59.523 mg/g. The thermody-
namic analysis suggested that the adsorption of malachite green occurs spontaneously (ΔG < 0 at all tested 
temperature) and endothermic nature. Moreover, the CuAl/BC composite showed strong potential as a low-
cost adsorbent for cationic dye removal since it showed not only a high adsorption capacity but also good re-
usability. Copyright © 2020 BCREC Group. All rights reserved 
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Research Article 
1. Introduction 
Layered double hydroxide (LDH) is a syn-
thetic anionic clays mineral having the general 
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formula [M+21−xM+3x(OH)2]+xAx/n−n·mH2O [1]. M2+ 
and M3+ represent divalent and trivalent metal 
cation. The stacked of positive layers separated 
by interlamellar space consists of anions and 
water molecules [2−3]. Anions within the space 
act as counterbalancing and exchangeable spe-
cies denote by A-n, such as nitrate [4], carbonate, 
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sulfate [5], organic acid anions [6] and also in-
organic anions [7−8]. LDH shows great poten-
tials in various applications such as adsorption, 
membrane separation, catalysis, electrochemis-
try, and biomedicine [9–12]. 
The LDH advantages include high adsorp-
tion capacity, easy to prepare, extensive specif-
ic surface area, high flexibility, and excellent 
thermal stability [13]. The layers of LDH how-
ever, can be exfoliated during application hence 
cannot be reused [14]. Structure improvement 
therefore is needed particularly for adsorbent 
application by introducing supporting material, 
which improves the integrity of layers. Biochar 
i.e. an activated carbon made from biomass has 
been reported can be used in dyes removal [15]. 
Biochar is a pyrogenic black carbon that has 
been used as a carbon fixer in soil improvement 
and recently incorporated as supporting for in-
creasing surface area of material [16]. BC has a 
high adsorption capacity, and a large surface 
area [17]. 
Advanced utilization of biochar on materials 
structure improvement was reported in LDH 
composite. The resulting composite used in re-
moving contaminants within wastewater 
through the adsorption method [18−19]. Wan et 
al. [20] reported that phosphate successfully 
adsorbed by using Mg-Al and Mg-Fe bamboo 
BC. The adsorption achieved >95% phosphate 
removal within an hour [20]. Previously, Wang 
et al. [21] reported that arsenic adsorption us-
ing Ni-Fe pine BC composite has a maximum 
adsorption capacity 1.56 g/kg and 4.38 g/kg, re-
spectively [21]. Meili et al. [19] reported the 
preparation of bone BC supported on Mg-Al 
LDH and used it on the removal of methylene 
blue. The maximum adsorption capacity at-
tains 406 mg/g at 40 °C [19]. According to re-
search, the presence of other supporting mate-
rials as composite LDH/BC gives the effect pre-
vents agglomeration and improves the stability 
and some properties of the materials such as 
high performance adsorptive, sustainable and 
economical adsorbent materials [22]. Thus, 
LDH/BC has the potential to generate useful 
adsorbents with inherent and remarkable ex-
changeability of anion, high surface area, and 
less toxicity for organic contaminated 
wastewater treatment. 
In the present work, we aimed to study the 
adsorption of malachite green using CuAl rice 
husk BC composite in aqueous solution. How-
ever, to the best of our knowledge, there is no 
report CuAl LDH composite to rice husk bio-
char as a removal agent of malachite green. 
The effect of various conditions including pH, 
time, initial concentration, temperature ad-
sorption and reusability adsorbent effectivity 
were investigated in batch adsorption appa-
ratus. Kinetic, isotherm, and thermodynamic 
adsorption of malachite green on composite 
material was discussed in this article. 
 
2. Materials and Methods 
2.1 Materials 
The materials used in the experiment were 
copper nitrate trihydrate (Cu(NO3)2.3H2O) (by 
Merck), aluminum nitrate nonahydrate 
(Al(NO3)3.9H2O) (by Merck),  sodium hydroxide 
(NaOH) (by Sigma Aldrich) and malachite 
green (by Merck). All those chemicals were pro-
analysis grade. The rice husk biochar source 
was purchased from Bukata Organic Indone-
sia. 
 
2.2 Preparation of CuAl/BC Composite 
The CuAl/BC composite was prepared by 
developing our previously reported work [23]. 
CuAl/BC composite was prepared by coprecipi-
tation method as follow: 10 mL of 0.75 M cop-
per nitrate and 10 mL of 0.25 M aluminum ni-
trate (3:1) were mixed under vigorous stirring 
for an hour until the complete dissolution of 
the starting materials. The resulting mixtures 
were transferred to another beaker containing 
1 g of the biochar under continuous stirring. As 
much as 4 M sodium hydroxide solution was 
added dropwise until the settlement formed at 
pH 10. The mixing solution was kept at 80 °C 
for three days. Composites were washed and 
dried at 40 °C for a day. 
 
2.3 Material Characterization 
X-ray diffraction pattern of the prepared ad-
sorbent was recorded using XRD Rigaku Mini-
flex-600. The sample scanned at scan speed 
1°/min from 2θ range 5–70. Specific surface 
area was calculated by using Multipoint BET 
method based on data collected by ASAP Mi-
cromeritics 2020 at 77 K. Infrared spectra ob-
tained from FTIR Shimadzu Prestige-21 that 
measured by KBr disc method and scanned at 
wavenumber range of 400−4000 cm−1. The sur-
face morphology of materials was characterized 
using SEM Quanta-650 Oxford instrument. 
The concentration of dye was analyzed using 
UV−Visible spectrophotometer Bio-Base BK-
UV1800 at wavelength 619 nm. 
 
2.4 Adsorption Study 
The adsorption study was carried out using 
a batch system. The pH effect, the equilibrium 
 Bulletin of Chemical Reaction Engineering & Catalysis, 15 (2), 2020, 527 
Copyright © 2020, BCREC, ISSN 1978-2993 
time through the kinetics experiments, and the 
influence of temperature and concentration on 
the adsorption isotherm were investigated. 
The effect of pH was investigated by adjust-
ing pH 3 to 11 in the following procedure: 0.05 
L of 25 mg/L malachite green solution with ad-
justed pH was placed in an Erlenmeyer. A 0.05 
g of CuAl/BC composite was added into Erlen-
meyer. The solution was shaken at 120 rpm by 
horizontal shaker at room temperature for two 
hours. After this time, the solution was centri-
fuged, and the concentration of malachite green 
determined by UV−Visible spectrophotometer 
at wavelength 619 nm. 
The kinetic study was carried out by mixing 
0.05 g of composite adsorbent with 0.05 L mala-
chite green solution at pH 9 and room tempera-
ture in different initial concentrations. The ki-
netic parameters evaluated based on pseudo-
first-order (PFO) and pseudo-second-order 
(PSO) approaches. The equation is written as 
follows Equations (1) and (2):  
 
(1) 
 
 
(2) 
 
Note: qe is adsorption capacity at equilibrium 
(mg/g); qt is adsorption capacity at t (mg/g); t is 
adsorption time (min); k1 is adsorption kinetic 
rate at pseudo-first-order (min-1) and k2 is 
adsorption kinetic rate at pseudo second-order 
(g/mg.min). 
The isotherm and thermodynamic study 
were investigated by similar procedure as ki-
netic study. 0.05 g of composite adsorbent was 
mixed with 0.05 L malachite green solution at 
pH 9 in various temperatures and initial con-
centrations. The Langmuir isotherm models 
represented as the Equation (3) and Freun-
dlich isotherm model written as Equation (4): 
 
(3) 
 
 
(4) 
 
where C is a saturated concentration of adsorb-
ate; m is the amount of adsorbate; qm is the 
maximum adsorption capacity (mg/g), b is the 
Langmuir constant (L/mg), kF is Freundlich 
constant and n is Freundlich linear constant. 
 
2.5 Reusability Study 
The reusability test was aimed to investi-
gate the durability of composite after long peri-
od of application. In this study, several rea-
gents such as ethylenediaminetetraacetic acid, 
sodium chloride, water, sodium hydroxide, hy-
drochloride acid were used on the desorption 
process. Reusability evaluation carried out by 
mixing 0.05 g of composite adsorbent in 0.05 L 
malachite green 100 mg/L. The mixture was 
shaken for two hours, followed by filtration to 
separate the adsorbent from adsorbate. The ad-
sorbent dried in oven while the adsorbate had 
its absorbance read. The dried adsorbent 
(CuAl/BC-MG LDH) reused by adding it in 
0.025 L of HCl (0.01 M) follow by stirring for 
two hours and then dried in an oven. The dried 
material used in another adsorption test in a 
similar procedure, in which this procedure re-
peated three cycles of operations. 
 
3. Results and Discussions 
3.1 Adsorbent Characterization 
The diffractogram of BC, CuAl LDH, and 
CuAl/BC composite was shown in Figure 1. The 
diffractogram CuAl/BC resembles the charac-
teristic diffraction pattern of CuAl LDH and bi-
ochar. The intense peaks of CuAl LDH (JCPDS 
No. 37-0630) showed the peaks at 11.8°, 26.3°, 
35.8°, 47.8°, 58.9°, and 63.1° corresponding to 
reflections of (003), (006), (012), (015), (110), 
and (116) which indicated the materials have 
layer structure [23]. Similar findings from 
CuAl LDH also exhibited in XRD pattern of 
CuAl/BC composite, although the intensity of 
LDH characteristic was decreased due to amor-
phous of biochar which would be enhancing the 
hydrophobic nature of the composite material 
[24]. The broad peak at 24° corresponding to 
Figure 1. X-ray powder patterns of CuAl LDH, 
BC and CuAl/BC composite. 
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reflections (002) on the surface of the LDH due 
to the presence of biochar. 
The FTIR spectra of biochar, LDH and com-
posite presented in Figure 2. The characteristic 
band at 3448 cm−1 and 1635 cm−1 attributed to 
OH stretching vibrations and bending vibra-
tions of the hydroxyl groups from water mole-
cules. The band at 1000 cm−1 belongs to the vi-
bration of metal-oxygen. The bending vibration 
of nitrate appears at 1381 cm−1 both on LDH 
pristine and composite. The absorption band at 
1095 cm−1 denotes the stretching vibration of 
C−O. The presence of these various absorption 
bands confirms the successful preparation of 
the composite LDH/BC. 
The textural properties determination car-
ried out by using N2 adsorption-desorption 
method and the result presented in Table 1 
while the adsorption isotherm shown in Figure 
3. The value of BET surface area, pore size and 
pore volume listed in Table 1 shows that the 
increase of the surface area of LDH after sup-
ported by BC along with the decreases in pore 
size. The adsorption isotherms of each material 
shown in Figure 3. The isotherm curve showed 
type IV with a typical hysteresis loop, which is 
associated with capillary condensation within 
mesopore [25]. The hysteresis curve of these 
materials resemble to type H3. The H3 type 
hysteresis loop, according to IUPAC classifica-
tion resulted from slit-shaped pores produced 
by aggregates of plate-like particles [26]. 
The CuAl/BC composite resulted from this 
experiment shows a remarkable surface area 
according to BET calculation (200.9 m2/g). Alt-
hough the pore size of composite lower than in-
itial LDH, its pore volume increases three 
times. The decrease in pore size probably due 
to the insertion of biochar particles within lay-
ers of LDH. Figure 4 suggests that biochar dis-
tributed on the surface of CuAl LDH, which 
confirms by Table 1, causes an increase in the 
surface area, and the occupation of the pores. 
The EDS supports the data as shown on Figure 
4d. The pristine LDH of CuAl shows the com-
position of Cu and Al, i.e. 46% and 6%, respec-
tively. Figure 4f. shows that composite consists 
of Cu, Al, C, O, Si at 35%, 5.1%, 11.2%, 39%, 
and 7.7%, respectively. 
According to the previous report, the mor-
phology of CuAl LDH pristine shows surface 
heterogeneity with large aggregate on its sur-
face [23]. The LDH composite biochar exhibited 
a similar result reported by Wang et al. [27], 
which is the surface morphology of biochar 
modified LDH has no particular structure and 
predominantly reveals the presence of LDH 
phase. 
Figure 5 shows the particle size distribution 
of CuAl/BC composite was obtained from Im-
ageJ application 1.52q. The sample of CuAl/BC 
composite comprises of aggregates with the 
size of particles distributed from 9.09 m to 54 
m. According to Sun et al. [28] the agglomera-
tion of LDH particles causes the increase of 
Figure 3. N2 adsorption-desorption profile of 
CuAl LDH, BC and CuAl/BC composite. 
Figure 2. FTIR spectrum of CuAl LDH, BC 
and CuAl/BC composite. 
Materials 
BET 
Surface 
(m2/g) 
Pore Size 
(nm) 
Pore 
Volume 
(cm3/g) 
Biochar 72.25 3.33 0.060 
CuAl 46.2 10.39 0.116 
CuAl/BC 
composite 
200.90 7.03 0.350 
Table 1. BET surface area, BJH pore size and 
pore volume of the prepared materials. 
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particle size. The agglomeration can affect the 
particle size is a micro-scale magnitude [29]. 
On the other hand, the particle size of material 
results from varying pH and temperature dur-
ing the synthesis process in the aqueous phase 
[30−31]. The average particle size of CuAl/BC 
composite is 28 m. 
 
3.2 Effect of pH 
Figure 6 shows the effect of pH on the ad-
sorption of malachite green by using CuAl LDH 
and CuAl/BC composite. The effective pH ad-
sorption achieved at pH 9. The pHpzc of CuAl 
LDH is 8 and CuAl/BC composite is 6.8, at 
pHpzc the interaction between adsorbents and 
MG molecule is minimal due to absence of elec-
trostatic forces. Thus, the high adsorption ca-
pacity at pH 9 possibly because the surface of 
these materials has a negative charge; hence 
the malachite green more likely to be absorbed. 
According to Parida & Mohapatra [32], at pH > 
pzc, the negative charge of surface material af-
fects the interaction between positively mole-
cule and surface become favored. An increase 
in pH makes malachite green removal occurred 
rapidly until pH at 9 and cationic dye occupied 
on the active site of the surface. At acidic con-
ditions, the removal of malachite green using 
CuAl/BC composite and CuAl pristine achieved 
up to 40% removal if initial concentration was 
25 mg/L. At higher pH the removal of mala-
chite green increased up to >95 % and 99% for 
composite materials. This achievement can be 
attributed to the surface charge and the availa-
bility of binding sites exist on the surface of the 
composite, a characteristic predominantly be-
longs to the LDH [33]. Furthermore, the pH of 
adsorption process greatly affected the interac-
tion of adsorbent and adsorbate, so, the next 
Figure 4. Morphologies and compositions of CuAl LDH (a,d), BC (b,e) and CuAl/BC composite (c,f). 
Figure 5. Distribution of particles size of 
CuAl/BC composite. 
Figure 6. The effect of pH on adsorption of 
malachite green using CuAl/BC LDH and LDH 
pristine. 
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Adsorbent 
Initial 
Concentration 
(mg/L) 
Qeexperiment 
(mg/g) 
PFO   PSO 
QeCalc 
(mg/g) 
R2 k1   
QeCalc 
(mg/g) 
R2 k2 
CuAl/BC 
composite 
60 34.476 31.69 0.975 0.038   34.246 0.999 0.119 
100 58.081 36.165 0.949 0.033   59.428 0.998 0.001 
125 74.125 53.801 0.967 0.048   76.124 0.998 0.001 
CuAl-LDH 
10 6.206 4.942 0.975 0.023   6.516 0.991 0.004 
50 16.446 20.265 0.987 0.043   27.350 0.968 0.001 
70 28.532 25.522 0.960 0.027   33.333 0.949 0.001 
Table 2. Kinetic parameters of CuAl LDH and CuAl/BC composite. 
Figure 7. The effluent of contact time adsorption 
malachite green using (a) CuAl pristine and (b) 
CuAl/BC composite. 
(a) 
(b) 
(a) 
(b) 
Figure 8. Effect of adsorption temperature in 
several initial concentration of Malachite 
green by using (a) CuAl pristine and (b) 
CuAl/BC composite. 
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experiments of adsorption were conducted at 
pH 9. 
 
3.3 Effect of Contact Time 
The kinetic parameters were determined by 
varying contact time. Figure 7 shows the effect 
of contact time on the dye adsorption for both 
LDH and composite. The result showed that 
CuAl/BC composite adsorbed twice more dyes 
than CuAl LDH. This performance correspond-
ed to the surface area of LDH composite, which 
is higher than pristine, as confirmed by BET 
analysis. Furthermore, Figure 7 informed that 
the adsorption equilibrium of malachite green 
reached after 90 minutes for LDH whereas the 
composite achieved at a shorter time i.e. 60 
minutes. These results indicated that compo-
site material showed a great potential adsor-
bent compare to pristine LDH. Pseudo first and 
second order (PFO and PSO) curves are shown 
in Figure 7 and the results of the kinetic pa-
rameter are presented in Table 2. 
Table 2 shows the kinetic parameter of mal-
achite green adsorption obtained from the cal-
culation by using Equations 1 and 2 based on 
experimental data. Both materials were best 
represented by PSO kinetic model rather than 
the PFO that having the calculated equilibrium 
capacity close to equilibrium capacity from ex-
perimental (Qeexp). The result acquired under 
the assumption that the difference between the 
concentration at the solid phase and equilibri-
um concentration might cause by the driving 
force. In this case, the adsorption by using com-
posite observed experimentally faster than 
pristine LDH.   
3.4 Effect of Temperature and Isotherm Ad-
sorption 
The adsorption isotherm of malachite green 
using CuAl LDH and CuAl/BC composite is 
shown in Figure 8. The increase in adsorption 
capacity can be related to the increase in tem-
perature. The isotherm parameters were calcu-
lated by Langmuir and Freundlich isotherm 
model, as formulated by Equations (3) and (4). 
Table 3 presents the calculation results of the 
coefficient correlation, which identifies that the 
Langmuir model better fitted than the Freun-
dlich model for composite material. A good fit 
of the Langmuir model indicates the adsorp-
tion process of the composite is monolayer with 
uniform energy distribution [34]. According to 
Meili et al. [19], the Langmuir process assumed 
that no significant interaction between adsorb-
ate molecules. Thus, after dye particles occu-
pied the active site, no further interaction oc-
curs, particularly after the formation of mono-
layer [35]. 
Table 3 shows that the maximum adsorp-
tion capacity of CuAl/BC composite significant-
ly increased up to 470.96 mg/g at 50 °C. The 
maximum adsorption capacity of CuAl/BC is 
larger than CuAl LDH. Thus, CuAl/BC compo-
site displayed a high effectivity on malachite 
green adsorption. These findings confirm that 
composite material increases the dye adsorbed 
performance of LDH associated with the syner-
getic effect of biochar and CuAl LDH in the 
composite due to the surface area of CuAl/BC 
composite was bigger than pristine. The ad-
sorption capacity increases with temperature. 
This tendency implies that adsorption occurs 
endothermically, particularly when involving 
LDH 
Adsorption 
Isotherm 
Adsorption 
Constant 
T (K) 
303 313 323 333 
CuAl 
Langmuir 
qm 42.31 51.04 53.68 59.523 
B 0.2191 0.314 0.44 0.2807 
R2 0.9815 0.997 0.996 0.998 
Freundlich 
n 3.35 4.056 3.47 4.87 
kF 7.812 19.611 17.67 28.86 
R2 0.9099 0.98 0.99 0.984 
CuAl/BC 
Langmuir 
qm 467.92 465.33 468.19 470.96 
B 0.085 0.0122 0.181 0.028 
R2 0.997 0.997 0.998 0.998 
Freundlich 
n 4.93 5.92 7.71 10.36 
kF 15.79 20.11 24.61 29.34 
R2 0.946 0.950 0.944 0.937 
Table 3. Isotherm model of Malachite green adsorption using CuAl and CuAl/BC composite. 
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LDH adsorbent, as reported by some authors 
[36−37]. The several adsorbents for malachite 
green adsorption were conducted by research-
ers are presented in Table 4. The adsorption ca-
pacity of the present work showed higher than 
reported by several authors. Hence, it can be 
concluded that the prepared CuAl/BC exhibited 
great potential as an adsorbent for malachite 
green. 
 
3.5 Thermodynamic Study 
The thermodynamic parameter is an im-
portant aspect on the adsorption process. The 
thermodynamic parameter evaluated according 
to the Van’t Hoff equation. The equation is 
written as Equations (5) and (6): 
(5) 
 
(6) 
 
R is constant gases, and Kd is the adsorption 
distribution coefficient. The parameters deter-
mined by plotting Van’t Hoff linear regression 
with 1/T vs. ln (Kd). The linearity of adsorbents 
is shown in Figure 9. 
Table 5 listed the value of the calculated 
thermodynamic parameters. The negative val-
Adsorbent Adsorption Capacity (mg/g) pH condition Reference 
Rice Husk BC 32.6 9 [15] 
NiAl LDH 73.38 - [41] 
Sugarcane BC 10 - [42] 
CuCr LDH 59.2 9 [23] 
Carbon coat LDH composite 126.58 6 [36] 
Clayey soil 78 6 [43] 
Lime peel activated carbon 47 mg/g - [44] 
Manihot esculenta BC 932.98 6.98 [45] 
Magnetic BC sewage sludge 388 7 [46] 
Fe-modified BC 172.3 6 [47] 
Ternary Mg/Al+Fe LDH 999.4 4 [48] 
CuAl/BC composite 470.96 9 Present Work 
CuAl LDH 59.523 9 Present Work 
Table 4. The comparison of adsorption capacity of malachite green by various adsorbents. 
Figure 9. Van’t Hoff linearity equation of malachite green adsorption using CuAl (a) and CuAl/BC 
composite (b). 
( )ln dG RT K = −
( )ln d
S H
K
R RT
 
= −
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ue of ∆G at various temperatures denotes the 
spontaneity adsorption process and it is more 
favorable in high temperatures. The positive 
value of ∆S (30.702 kJ/mol and 20.071 kJ/mol) 
of MG adsorption using pristine CuAl LDH and 
composite corresponded to the randomness of 
solid-liquid phase interface during adsorption 
process [38]. ∆H the positive value indicated 
the reaction of adsorption become endothermic 
due to the MG adsorbed was increase with in-
creasing temperature. 
 
3.6 Adsorption, Desorption, and Reusability 
Study 
The solid structure of LDH and composite 
were evaluated by using X-Ray diffraction as 
shown in Figure 10. The diffractograms show 
similar pattern both LDH and composite before 
and after adsorption. The intensity in 2θ reflec-
tion (002) of CuAl/BC composite decreases after 
the adsorption process, and the interlayer of 
CuAl/BC composite slightly increases from 7.58 
to 7.63 Å. This suggests the intercalation of 
malachite green within the LDH interlayer. 
According to Lu et al. [39], LDH interlayer af-
ter adsorption becomes smaller, but in this re-
port, we obtain an increase in the interlayer 
distance as can be seen from peak shifting, 
which represents the (003). The enlargement of 
interlayer distance caused by malachite green 
intercalation within this layer [39]. 
In order to gain economic advantage as well 
as increase the effectiveness of potential adsor-
bent, the reusability study is necessary. The 
adsorbent reusability evaluation was carried 
out in several eluents on the desorption of mal-
achite green from CuAl and CuAl/BC compo-
site. The results are shown in Figure 11. The 
higher percent of desorption in acid solution 
perhaps corresponds to the LDH charge be-
comes positive, so, the electrostatic attraction 
of adsorbent-dye molecule and H-bond are 
weakened. Furthermore, in the base condition, 
the desorption is also higher because of hydro-
Adsorbent 
∆G (kJ/mol) 
∆S (kJ/mol) ∆H (kJ/mol) 
303 K 313 K 323 K 333 K 
CuAl -0.668 -0.975 -1.128 -1.282 30.702 8.634 
CuAl/BC -0.194 -0.495 -0.646 -0.796 20.071 7.912 
Table 5. Thermodynamic parameters of CuAl and CuAl/BC composite. 
Figure 11. Desorption study by several eluent and reusability cycle of adsorbent. 
Figure 10. X-Ray diffraction powder of CuAl 
pristine, CuAl-MG, CuAl/BC composite, and 
CuAl/BC-MG. 
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phobic interaction, and OH− ions are estab-
lished to have a higher affinity for the anion ex-
change. 
Figure 11 depicts that after three cycles of 
adsorption-desorption, the efficiency of dye re-
moval decrease from 96 % to 78% for the com-
posite and 72% to 2% for CuAl LDH. CuAl LDH 
dissolves in the acidic reagent hence not feasi-
ble to reuse. According to Nishimura et al. [40], 
LDH treated in regeneration processes might 
damage their structure due to exfoliation. How-
ever, the composite material prepared in this 
work can be reused, although the adsorption 
capacity slightly reduced. 
 
4. Conclusions 
The composite material of CuAl/BC has 
been successfully prepared and applied for cati-
onic dye adsorption. The prepared materials 
were characterized by XRD, FTIR, BET and 
SEM-EDX. The XRD and FTIR peaks have con-
firmed the presence of characteristics of pris-
tine materials. The morphology of CuAl/BC 
showed the heterogeneity with some aggre-
gates from LDH. The surface area characteriza-
tion of CuAl/BC evaluated the surface area in-
creases four times from LDH pristine. Further-
more, CuAl/BC composite used as an adsorbent 
to remove the malachite green. The parameters 
of adsorption were determined using kinetic, 
isotherm, and thermodynamic parameters. The 
kinetic model of pseudo-second-order was ap-
propriate for the composites with qe calculation 
and qe experiment is closed. The equilibrium 
adsorption MG using CuAl pristine was 
reached at 70 minutes with MG adsorbed 64.8 
mg/L. The equilibrium of composite was 
reached at 40 minutes with MG adsorbed 
108.92 mg/L. The isotherm adsorption follows 
Langmuir with maximum adsorption capacity 
470.96 mg/g for composite compare to 59.523 
mg/g for pristine. The thermodynamic analysis 
indicates that the malachite green adsorption 
in CuAl LDH and CuAl/BC composite were 
spontaneous (∆G < 0), endothermic (8.634 
kJ/mol and 7.912 kJ/mol), the randomness of 
solid-liquid phase interface (30.702 kJ/mol and 
20.071 kJ/mol) and that there was a little 
change in the adsorbent structure after adsorp-
tion. The regeneration study showed that three 
cycles adsorption process would reduce the ad-
sorption capacity for LDH significantly but not 
for the composite material. 
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